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Abstract 
This work presents indicators for the evaluation of urban spaces elements considering pedestrian and cyclist access to mass 
transit stations. The indicators are proposed from a literature review and from the result of a survey implemented on two 
subway stations in Rio de Janeiro. The survey intends to understand the difficulties to access the subway station by bicycle or 
on foot but it also addresses the subways user profiles. Indicators were selected to represent aspects of the urban environment 
and infrastructure characteristics of mass transit station access. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Program Committee. 
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1. Introduction 
Mass transport systems integration to non-motorized transport is the basis for sustainable mobility. Therefore, 
the entire environment around stations of mass transit systems (BRT, tramway, subway, commuter train) should 
be evaluated, aiming to attract the pedestrians and cyclist users. Among these elements are sidewalks, pathways, 
crossings, signage, lighting, and landscaping that should be planned in order to promote the use of urban spaces 
for pedestrians and cyclists around the mass transit stations.  
The succeed of this integrated system demands the necessity to analyze the various aspects associated with 
non-motorized transport modes, identifying factors that make people choose to walk and cycle in their trips for 
working or studying, and the characteristics of the urban environment that can encourage these modes of 
transport.  
In this context, it is also necessary to know the profile of those who make use of non-motorized transport to 
access a mass transit station. The knowledge of the users profile enables to evaluate and develop strategies to be 
implemented in order to attract a potential demand for non-motorized transport around public transit stations.  
Therefore, in this work, it is proposed indicators for evaluation of the elements of urban space for walking and 
cycling access to mass transit stations. These indicators are based on a literature review and on a survey applied 
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to users in some subway stations in Rio de Janeiro city. The selected indicators represent aspects of the urban 
environment and of access infrastructure around the stations, as well as the appropriate criteria for the analysis. It 
is considered that these indicators will enable the evaluation of urban spaces in order to integrate non-motorized 
modes with mass transport and effectively promote sustainable mobility in urban areas. Besides, these indicators 
can subsidize the development of strategies to be implemented in order to attract a potential demand for non-
motorized transport around public transit stations.  
This papers is structured in five sections, first section comprehend this introduction. The literature review 
about the characteristics of urban spaces for pedestrians and cyclists is presented on second section. The third 
section presents the survey applied on subway stations in Rio de Janeiro and the forth section comprehends the 
proposed indicators. Finally, the conclusion is shown on fifth section. 
2. Literature Review  
The spaces for the traffic of pedestrians and cyclists should be planned and designed so as to maximize their 
safety and comfort during their diary trips. The quality of non-motorize transportation includes the continuity of 
paths, the attractiveness and convenience of routes, subtle elements that involve several factors: the distance to be 
traveled, the slope of the track, the conditions of sidewalks, the straightness of the route and any other factor to 
facilitate walking.  
But the main difficulty in dealing with issues related to the quality of urban spaces is the definition of 
instruments that can evaluate the adequacy of sidewalks and bike paths conditions. In literature there are several 
important variables that define methodologies for assessing these spaces.  For assessing pedestrian space, Fruin 
(1971a, 1971b) has based on the methodology for roadway level service. To characterize the service level of the 
sidewalk, he quantified the pedestrian facility by studying parameters such as: human anatomy, field of view, 
comfortable distance between bodies depending on the relationship to the other person, walking down stairs and 
psychological perception of urban space. Years later, in 1985, the reference manual on practical design of roads, 
the Highway Capacity Manual - HCM (TRB, 1985) was supplemented with a guide for the pedestrian to 
elaborate the design of sidewalks, based on Fruin (1971a) methodology.  
In 90 years, Sarkar (1995) tried to make sidewalks safe for urban intersections and user groups considered 
vulnerable. Already Dixon (1996) sought to evaluate the spaces allocated to pedestrians on roadways. These 
works, in addition to analyzing volume and capacity, as proposed in HCM; include qualitative measures to 
characterize some subjective variables, such as security, safety, comfort, convenience, continuity, system 
coherence and attractiveness.  
The methodologies of Khisty (1995) and Ferreira and Sanches (2001) have in common the objective of 
evaluate the qualitative elements of pedestrian spaces, from the users perspective. In these methods the 
evaluation are based on subjective variables such as visual attractiveness, comfort, system continuity, safety and 
security.  
In the case of cyclists, most of the methods are based on the work of Landis (1994), Davis (1987), Sorton and 
Walsh (1994), Epperson (1994) and Landis et al. (1997). Until 1980 the factors commonly used to quantify the 
quality of service offered to cyclists were: speed, freedom to maneuver, traffic interruptions, comfort, 
convenience and safety (Epperson, 1994). After 1980, some works have been developed based on the conditions 
of the roads (Epperson, 1994; Sorton and Walsh, 1994; Dixon, 1996; Landis et al., 1997) using the following 
evaluation criteria: traffic volume, path width, speed limit, pavement condition and location of the pathway 
(Turner et al., 1997). Only with the methods of Hunter et al. (1995) and Wang and Nihan (2004) analysis of 
accident risk has been considered.  
Tables 1 and 2 summarize the parameters for analysis of pedestrian and cyclist spaces used by the authors 
mentioned above. These parameters were grouped in six issues related to the urban infrastructure and 
environment characteristics. 
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Table 1 –Summary of variables used for analyses of pedestrian spaces 
ISSUES VARIABLES REFERENCES 
 
 
DENSITY Population density, residential density, households, 
employment density, pedestrian flow 
Cervero & Kochelman, 1967; Leslie et all, 
2006;HCM (TRB, 2000); Fruin, 1984; 
Mori e Tsukaguchi, 1987  
DIVERSITY OF LAND 
USE 
Land use parceling, proximity of residence and 
services, convenience, connectivity from origin 
to destination point 
Cervero & Kochelman, 1967; Leslie et all, 2006; 
Fruin, 1984; Khisty, 1995; Gallin, 2001 
URBAN DESIGN Road width; traffic flow separation between the 
modes, visual design, system coherence, conflict 
between pedestrians and vehicles, accessibility to 
public transport, urban ambiance, urban form. 
Fruin, 1984; Sarkar, 1995; Khisty, 1995; Dixon, 
1996;Tori e Tsukaguchi, 1987; Antunes, 2010
  
FACILITIES FOR 
PEDESTRIANS 
Overall width of the sidewalk; Effective width of 
the sidewalk, pavement type, rate barriers; rate of 
green area; Number of parked vehicles, 
obstructions at intersections; Attractiveness, 
Comfort, Continuity of the system. 
Mori e Tsukaguchi, 1987; Antunes, 2010; 
Sarkar, 1995; Dixon, 1996; Ferreira e Sanches, 
2001; HCM (TRB, 2000); Khisty, 1995. 
SAFETY AND 
SECURITY 
 
Possibility of falls and injuries; Perception of 
Security, Personal Security. 
 
Ferreira e Sanches, 2001; Sarkar, 1995; Khisty, 
1995  
CHARACTERISTICS 
OF PEDESTRIANS 
 
Speed of Walking 
 
HCM (TRB, 2000); Fruin, 1984 
 
3. Survey of subway users 
A survey on two subways stations was realized to identify the characteristics of users who usually go to the 
station on foot or by bicycle, but also to understand why others do not use this travel mode. The subway stations 
are in Rio de Janeiro, Brazil. Studies developed by the subway system operator indicate that 65% of subway 
users walk to the stations while only 0.2% cycle. Recently, bike parking was implemented in some stations but it 
was observed that only in some of these stations the bike parking was well accepted. 
A form was prepared for the inquiry, with the main objective to point the profile of those who make use of 
non-motorized transport to reach a mass transit station. The survey was performed during the rush hour, in the 
morning, one of the busiest periods. 
The stations are located on Ipanema and Pavuna, the end of two subway lines. Ipanema station is a median and 
high class neighborhood and Pavuna station is a median and low class location. It is worthy noted that despite 
Ipanema is a neighborhood of high income, there are some slums nearby the subway station. 
100 people were interviewed in Ipanema from 7:00 am to 10:00 am, the morning rush hour. Most of them 
were female and has between 21 and 30 years old. A large percentage of people has university degree. Their 
average income is between A2 and D classes, by Brazilian economical metrics (A2 class range from US$ 3,680 
to US$ 6,230 and D class range from US$ 340 to US$708 per month), with D class majority. 
Most of Ipanema users interviewed said they preferred to walk due the proximity of the station from their 
homes. 
Subway integrated bus system is the second preferred way to access the station, used mostly by people who 
come from a distant neighborhood (approximately 30km from the subway station). There was no bicycle user 
during that survey period. The bike parking at this station has low usage during this survey. 
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Table 2 –Summary of variables used for the analyses of cyclist spaces 
ISSUES VARIABLES REFERENCES 
 
DENSITY Population density, residential density, employment 
density, average daily volume of bicycles 
Cervero & Kochelman, 1967; Botma, 
1995;Epperson e Davis, 1994 . 
DIVERSITY OF LAND 
USE 
Urban zoning, characteristics of residential density 
and services within the influence area. 
Cervero & Kochelman, 1967; Leslie et all, 2006. 
URBAN DESIGN Number of traffic lanes of the cycling road, lane 
width outside; location factors of the cycling 
road; Number of vehicular access. 
 
Epperson and Davis, 1994; Landis et all, 1997; 
HCM (TRB, 2000)  
FACILITIES FOR 
CYCLIST 
Pavement conditions; width of the cycling road; 
Infrastructure for cyclists; Conflict; maintenance 
of the roads. 
Epperson and Davis, 1994; Landis et all, 1997;  
Sorton e Wash, 1994; Dixon, 1996, Landis et 
all, 1997  
SAFETY AND 
SECURITY 
 
Speed limit, speed of  vehicles; differential speed 
between vehicles, service level of the  road 
 
Epperson e Davis, 1994; Landis et all, 1997;  
Sorton & Wash, 1994; Dixon, 1996, Landis et 
all, 1997;HCM (TRB, 2000)  
CHARACTERISTICS 
OF PEDESTRIANS 
Frequency of events Botma, 1995 
 
 
In Pavuna station, 160 people were interviewed on the station platform and on the access to bicycle parking. 
The interview was performed at the same time of Ipanema, between 7:30 am to 11:30 am. In this station, the 
users majority was male and has between 21 and 30 years old. Most of them with college degree and 
economically rated as D class. 
Tables 3 and 4 present a summary of the first analysis made from the Ipanema and Pavuna subway survey. 
The results enable to identify some characteristics of the users and their difficulties of walking or biking to the 
stations, as well as the characteristics of those people that do not use these ways of transportation. 
It was observed that most respondents uses bus to reach the station due the distance between their homes and 
the station, distances greater than 50 km. The second option most used was cycling. Many people choose this 
option, even though the distant from their home and lacking of infrastructure, to save money that otherwise 
would be spend in travel costs. These users are satisfied with the bike parking, which was 80% occupied during 
survey.  
Analyzing data from the survey in subway stations, is possible to observe that users are willing to walk or bike 
a certain distance from their homes to the stations. Besides, important parameters for analysis of urban spaces for 
pedestrians and cyclists were noted.  
If the stations are located in residential or commercial density zones, most users go on foot to reach their 
destination. When the area surrounding the station does not have this characteristics, their users have to overcome 
greater distances to get to the station, preferring to use a motorized mode of transport (some of them can cycle 
but but only in extreme cases to reduce transportation costs). High residential density has the presence of 
multifamily buildings, such as Ipanema Station neighborhood, where the percentage of pedestrians was much 
greater than in other stations. Otherwise, in Pavuna station neighborhood, single-family houses are prevalent (low 
density), leading people to travel long distances, preferring to use bus or bicycle.  
It was also noted at Ipanema neighborhood, that along the street with the residential buildings, there are a 
large number of shops; these characteristics turn walk a very attractive experience and pedestrians travel great 
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distances without perceived. In places where land use is less diversified, the act of walk can become tiring and 
unpleasant.  
  Table 3 – Survey results on Ipanema and Pavuna stations 
Characteristics  Ipanema Pavuna 
Male 42 % 60%  
GENDER 
Female 50% 40% 
10 to 20 years old 7  % 12% 
21 to 30years old 30 % 31% 
31 to 40 years old 23 % 23% 
41 to 50years old 17 % 17% 
51 to 60 years old 16  % 10% 
61 to 70 years old 7  % 6% 
 
 
AGE 
71 to 80 years old 0  % 1% 
Elementary School 9 % 23% 
High School 29 % 55% 
undergraduate incomplete 5 % 13% 
 
EDUCATIONAL LEVEL 
undergraduate 57% 9 % 
A1 -  US$ 6, 222 or  more 6 % 0% 
A2 -  US$ 3, 683    to  US$ 6, 222   15% 1% 
B1 -  US$  2, 667   to  US$  3, 683 18 % 1% 
B2 -  US$  1, 417   to  US$  2,667   16 % 5% 
C  -   US$   708      to  US$  1, 417   18 % 21% 
D  -   US$  340      to  US$   708   19% 43% 
 
 
 
 
INCOME 
E -    US$   142      to  US$   340   8 % 29% 
On foot 57 % 11% 
Bicycle 0 % 23% 
Ride 2% 3% 
Van 2 % 4% 
Car 1 % 1 % 
Taxi 0 % 1 % 
Bus 2 % 53% 
 
 
TRANSPORTATION MODE 
USED TO ACCESS THE 
STATION 
Bus integration system 36 % 4% 
0    to  3 minutes 4 % 0% 
4    to  6 minutes 23 % 1 % 
7    to  10minutes 36 % 6% 
11  to 15 minutes 14 % 19% 
16  to  20 minutes 5 % 23% 
21  to  30 minutes 4 % 24% 
31  to  40 minutes 6 % 17% 
41  to  50 minutes 3 % 9% 
51  to  60  minutes 1 % 1% 
 
 
 
 
TRAVEL TIME TO THE 
STATION 
More than 60 minutes 4 % 1% 
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Table 4 (continuation of table 3) - Survey results on Ipanema and Pavuna stations 
Characteristics  Ipanema Pavuna 
Sidewalk poor conditions (holes, puddles, etc ) 10 % 9 % 
Lack of safe crossings and signaling 3 % 2 % 
Public insecurity (assaults) 5 % 4 % 
Lack of Lighting 0 % 0 % 
Physical disability 3 % 3 % 
Distance to station 10 % 72 % 
None 41% 6 % 
  
 
DIFFICULTIES TO 
ACCESS THE STATION 
BY FOOT 
Others 20 % 4 % 
Cycle way poor conditions (holes,puddles, etc ) 3% 11% 
Public insecurity (assaults) 10 % 6 % 
Cannot take  it on the bus or subway 3 % 0 % 
Lack of cycle ways 15 % 20 % 
Lack of proper bicycle park 4 % 2 % 
Lack of shower and  dresser room at Station 12 % 2 % 
Dangerous traffic 7 % 7 % 
Do not have a bicycle 5 % 9 % 
Physical disability 5 % 8 % 
Distance to station 20 % 26 % 
None 2 % 2 % 
 
 
 
DIFFICULTIES TO 
ACCESS THE STATION 
BY BICYCLE 
Others 14% 7 % 
 
The survey shows that the travel distance is the major problem for pedestrians to go to the station. Elements of 
urban design could contribute to "shorten" the distance to be traveled, for example: smaller blocks allow a better 
alternative routes or paths to a destination. A pleasant walk, with the presence of landscaping, trees and gardens, 
wide sidewalks, regular pavement and presence of shops on the streets could make the travel distance shorter.  
The physical conditions of the sidewalk pavement were another point raised by users as a major impediment 
to go on foot (mainly for women). Also, dirty sidewalks, potholes and puddles can make walking uncomfortable 
and dangerous, especially for children and seniors.  
The security issue was also highlighted, not only because of uneven sidewalks, but the lack of safe crossings 
for pedestrians with signaling and lack of bike lanes in the city, where, in some places, the only alternative for the 
cyclist is to share the same space with cars and buses, which makes the trip stressful, exhausting and extremely 
dangerous.  
From the survey it could be seen that to analyze an urban area many issues must be verified, from the original 
urban design to maintenance of infrastructure and facilities. 
4. Proposal of indicators 
Indicators can synthesize complex information, facilitating the understanding and monitoring the progress of 
different transportation system, therefore they can be used for the analysis of urban spaces in the access to transit 
stations. 
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From the methods, presented on section 2 and based on the survey results, presented on section 3, seven issues 
were selected as those with major influence in the subway users’ decision to access the station, which might be 
used to evaluate urban spaces. The seven issues are:  
Density - higher residential and employment buildings density, in a particular region, especially near the 
stations of public transportation, favors the inclination of people to reach their final destinations or to the 
transport stations either by foot or bicycle.  
Diversity of land use - different land use is a factor that greatly favors the daily movement of people, whether 
for service, trade, leisure, and so on, short distances from their residences to the final destination, which can be 
made on foot or by bicycle.  
Urban Design - all urban elements that make the tour more pleaser and that will encourage the movement of 
pedestrians and cyclists, these elements are: the arrangement of blocks of a city, crossings, adequate sidewalks, 
the presence of public transport with bus stops, routes and cycle lanes etc. 
Facilities for pedestrians and cyclists - aspects of comfort and urban ambience, with respect to the physical 
characteristics of the sidewalks and bike lanes as the quality of pavement, slope , steps, street lighting, tree 
planting,  barriers, street architecture, a series factors that favor or  not favor the movement of pedestrians and 
cyclists.  
Accessibility and mobility - are all necessary elements in the direction to promote safe mobility of persons 
with disabilities or reduced mobility, they are: ramps, tactile pavement, audible and visual signs.  
Safety - in regard facilities and operational conditions of streets that makes the pedestrian or cyclists travels 
more safety: signalized crossings, level crossings that will minimize the conflicts between vehicles, pedestrians 
and cyclists, traffic flow and speed on the road. 
Security – is related to aspects of public safety and sense of protection, such as the existence of policing, and 
areas of "natural surveillance" that means areas with many people in movement and good visibility of the space.  
Table 5 – Pedestrian space: Proposal Indicators and Criteria  
URBAN USE 
INDICATORS CRITERIA 
Population density (hab/ha) Density 
Residential density (homes/ha) 
Number of shops within the surrounding area  Diversity 
Dissimilarity of shops ( number of types) 
   URBAN DESIGN 
INDICATORS CRITERIA 
Presence of sidewalks on both sides of the street 
Effective width of the sidewalk 
Regularity of sidewalk pavement  
Presence of trees 
 
 
Facilities for Pedestrians 
Street lighting 
Access ramps on the curb at pedestrian crossings 
Sidewalk with tactile floor 
Visual and audible signaling at pedestrian crossings 
 
 
Accessibility and Mobility 
Gradient of the sidewalk 
Safety Safe pedestrian crossings 
Security Police on the streets 
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From the definition of the issues to be considered, it was defined a set of indicators based on the features 
mentioned above. The following analysis is divided in two different parts. The first part includes indicators 
related to urban use aspects. The second part includes indicators related to urban design aspects; this one 
comprehends the physical characteristics of the paths and conditions of the surrounding areas. The proposed 
indicators and the criteria used to measure them are shown in the tables 5 and 6. 
Some of the attributes are given the value 0 (zero) or 1(one), indicating the existence or not. Others, such as 
the regularity of pavement, have the measure defined as the percentage of the segment (of  the sidewalk or bike 
path) on favorable terms. 
Table 6 – Cycle space: Proposal Indicators and Criteria 
URBAN USE 
INDICATORS CRITERIA 
Population density (hab/ha) Density 
 Residential density (homes/ha) 
Number of shops within the surrounding area  Diversity 
Dissimilarity of shops ( number of types) 
URBAN DESIGN 
INDICATORS CRITERIA 
Presence of bicycle lanes 
Effective  lane width the bicycle lanes 
Regularity of lane pavement  
Presence of trees 
 
 
Facilities for Pedestrians 
Street lighting 
Access ramps on the curb at intersections and near stairways  
 
Accessibility and Mobility Gradient of the bicycle lanes 
Safe crossings 
Distance from de vehicle flow 
 
Safety 
Flow vehicle density 
Security Police on the streets near the bicycle lanes 
5. Conclusions 
In this study, it was observed that there are several means to analyze the spaces for pedestrians and cyclists. 
This analysis allows identifying indicators for understand and measure the spaces around mass transit stations 
and to use them to monitory the proximity of these stations. The intent of this monitoring is to improve 
pedestrians and cyclists access to mass transport stations encouraging them to use non motorized transport for 
this purpose. 
 The analysis presented in this work can be used as a tool to enhance safety and comfort of pedestrians and 
cyclists during their diary trips and increase the attractiveness of mass transit system. Besides, the observation of 
the indicators proposed in this work can lead to cities improvements increasing life quality and providing better 
urban mobility. 
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Computer tools, like GIS software (ArcGIS), enable to represent the values of each indicator on maps. These 
tools and the provided survey data can evaluate the distances travelled by the stations users and identifies the 
radius of attractiveness of walking trips around them. Finally, using the proposed indicators/criteria, it is possible 
to make a spatial analysis of walking paths within that radius around some stations.  
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